The structure of a new anthracycline antibiotic, decilorubicin was determined by a combination of chemical conversion, degradation and spectral interpretation, and the studies of this structure are reported in detail.
Decilorubicin is an antitumor antibiotic produced by Streptomyces virginiae MF266-g4 . In a previous paper" we reported on isolation and properties of decilorubicin together with its provisional structure.
We have already reported the structures of decilonitrose and 4-O-succinyl-L-diginose , the sugar moieties of this antibiotic. > In this communication we report a complete structure of decilorubicin (1), except the absolute stereochemistry of the aglycone. A band at 1620 cm-1 is typical of a ketone group hydrogen-bonded to a perihydroxyl group in an anthraquinone. 11 These data pointed to a 1,4,5-trihydroxyanthraquin one structure ."
Both anthraquinone carbonyl groups seem to be hydrogen-bonded, since there are no band near at 1670 cm-1 in the infrared spectrum.5) Futhermore, both carbonyl groups appear to be hydrogenbonded, as by the chemical shifts at 6 186.5 and 186.2 in the 13C NMR spectrum 7, 8) Reaction of decilorubicin with diazomethane gave a compound 2 which had the molecular formula C61H84N4026. Its molecular formula and the NMR spectra revealed that the methyl ester of decilorubicin had been formed. This indicates that decilorubicin has a free carboxylic acid. Catalytic reduction of 2 under medium pressure (3.5 kg/cm2) formed the degradation product 3 and L-rhodosamine .9) 345 VOL. XXXVII NO. 4 THE JOURNAL OF ANTIBIOTICS Scheme 1.
Decilorubicin
Decilorubicin methyl ester (2) of decilonitrose. Structures of methyl (3-decilonitroside (7), methyl 4-O-succinyl-a-and (3-L-diginoside methyl esters (8 and 9) have been reported in our previous paper.') Oxidation of 6 with m-chloroperbenzoic acid followed by methanolysis with I N hydrogen chloride in methanol gave 7.
Strong acid hydrolysis of 1 with 3 N hydrochloric acid gave a degradation product 11 designated as fourth ring (ring A) which is not aromatic. Many attempts to remove a possible amino sugar from 11, even treatment with strong base at elevated temperature"' were not successful].
The 13C NMR spectra of 2, 3, 5, 6 and 11 are assigned as shown in Table 1 . This was done on the basis of comparisons of these spectra with each other, off resonance decoupling, proton selective decoupling technique, theoretical considerations and comparison with models and the similar compound such as nogalamycin.11) Two protons appearing in the spectrum of 1, 2, 3, 4, 5 and 6 as doublets (J=8.0 Hz)
in the neighborhood of 6 7.65 and 7.93 must arise from aromatic protons which are ortho to each other.
This establishes that the anthraquinone system has six substituents. As has already been shown, two of these are phenolic hydroxyl groups which must be attached to the same ring (B or D) and another two must be attached to the alternative ring (D or B). The 'H NMR of 11 shows a doublet at 5.95 coupled with a proton with a chemical shift of 5 4.24. The latter is coupled with a proton at 6 2.49, which in turn is coupled with a proton appearing at o 3.96. These signals are ones to be expected arising from an amino sugar. The "C NMR spectrum of 11 has one resonance at 6 96.9, which is that expected for an anomeric carbon of sugar.
In addition, a group of four signals at o 67 -76 arise from carbon atoms substituted with oxygen or nitrogen as in an amino sugar.
The 'H NMR spectrum of 11 also shows the presence of a chemical shift as a singlet representing 6H at 6 2.61, suggesting the presence of a dimethylamino group attributed to the amino sugar.
In the 'H NMR spectrum of 11 the resonance of one C-CH, group has shifted downfield to a 2.58. and is converted to 13. This conclusion is supported by 13C NMR spectrum of 11 and the application of its proton selective decoupling technique (vide post).
NMR spectral data of 2, 3, 4, 6 and 11 showed the presence of an amino sugar as shown in Table 2 .
A series of four carbon atoms (1', 2', 3' and 4') have protons which give rise to signals in the 'H NMR spectrum. The H-I' and H-2' are coupled (e-e or e-a) and the latter is coupled with H-3' (a-a) which in turn is coupled with H-4' (a-e). The chemical shifts of the protons at C-2' and C-4' indicate that C-2'
and C-4' have hydroxyl substituents. The chemical shift of H-1' is that of an anomeric proton and that of H-3' is consistent with substitution of N(CH,),. The 13C NMR spectrum of 11 is indicative of a fivecarbon chain (C-l' to C-5') in a sugar moiety. There is no hydrogen on C-5' since there is no indication of a proton at C-5' in the 'H NMR spectra and the signal attributed C-5' in "C NMR spectra appears as a singlet. As mentioned above, the methyl group is attached to C-5'. Those NMR data establish the relative configuration of the first four carbon atoms except C-5' of the amino sugar . The lack of a proton at C-5' suggests that this carbon is attached tot he anthraquinone ring. There are 8 oxygen atoms THE JOURNAL OF ANTIBIOTICS Table 2 . 'H NMR spectra. in 11, with two of them related as phenolic hydroxyls, and two as anthraquinone carbonyls. This leaves four oxygen atoms to be associated with the amino sugar, and C-1' is a normal anomeric carbon atom and two hydroxyls are present, no oxygen remains to link C-5' with the anthraquinone nucleus. Consequently, this must be a carbon-carbon bond. As NMR data show that C-1' has an axial oxygen, geometrical consideration based on the conformation and configuration necessitate that C-5' has an axial bond to the aromatic nucleus at a position ortho to the linkage with C-1'. These data limit the sugar stereochemistry to that of 3,6-dideoxy-3-dimethylamino-a-n-galactose or its a-L-isomer, but does not distinguish between them. As has already been mentioned above, an amino sugar must be attached to ring D. This conclusion is further supported by the proton selective decoupling technique of 13CNMR spectra of 11 (vide infra). The amino sugar attachment is through either C-1 and C-2 or C-3 and C-4, since two protons of ring D appears as ortho to each other in 'H NMR spectrum of 11. However, it does not distinguish between them by chemical or physico-chemical method.
The proton selective decoupling technique clearly clarified all the carbon atoms in the 13CNMR spectrum of 11. The selective irradiation at the resonance of the proton attached to the carbon changed the shape and intensity of a and r carbon mainly. The result is shown in Table 3 . These data all pointed to the attachment of anomeric carbon of amino sugar to C-1 or C-4 of ring D through an 0-glycosidic linkage and attachment of C-5' of the amino sugar to C-2 or C-3 of ring D by carbon-carbon linkage. Table 3 . The proton selective decoupling in 13C NMR spectrum of 11.
Irradiated proton (d in 'H NMR)
H-3 (7.51) H-4 (7.82) H-7 (7.6) H-8 (7.44) H-10 (7.9) C-9-CH, (2. In the 1"C NMR spectra, the signals of C-4" are observed at 6 81.9 and 76.3 in 5 and 6, respectively.
These chemical shifts indicate that decilonitrose attaches to the C-4" of 6. The chemical shift (6 5.50) and coupling constant (doublet of doublets, J=2.0 and 9.0 Hz) of anomeric proton of glycoside in the 1H NMR spectrum of 5 indicate that the configuration at C-1 is ;3.
The 13CNMR spectrum of 6 shows that it contains one mol of decilonitrose. In spite of very extensive attempts to isolate decilonitrose from 5 by acid and base treatment, this was never achieved. However, as has already been shown, oxidation of 6 with m-chloroperbenzoic acid followed by methanolysis In summary, the accumulated data from the present study points to a structure of decilorubicin as shown 1. The absolute stereochemistry of the aglycone will be established by further structural studies.
Experimental

General
Melting points were determined with a Yamato apparatus and are uncorrected. UV spectra were determined on a Hitachi Model 200-10 and IR spectra on a Hitachi Model 260-10 spectrophotometer. Optical rotations were measured with a Parkin-Elmer 241 polarimeter. The 1H NMR spectra were recorded with Varian XL-100, Varian EM-390, Bruker WM250 and Jeol GX-400 spectrometers.
Chemical shifts are expressed in values (ppm) with tetramethylsilane as an internal standard. Proton-noise decoupled FT-"C NMR spectra were taken at 25.2 MHz on a Varian XL-100 and at 100.4 MHz on a Jeol GX-400 spectrometer using tetramethylsilane as reference. The mass spectra were taken by a Hitachi RMU-6M mass spectrometer for electron-impact ionization or RMU-7M for field-desorption.
Decilorubicin (1)
This compound was prepared in pure form from a culture broth of S. virginiae M F266-g4 as reported previously.') 
